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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display device which prevents 
the disconnection of source bus wirings and has such a high opening rate 
as to obviate the occurrence of the degradation in the opening rate by 
additive capacitors. 

SOLUTION: This device is formed with non-single crystal silicon thin films 
11, gate insulating films 13 and gate bus wirings on a substrate and is so 
constituted that first interlayer insulating films 15, the source bus wirings 
20, second interlayer insulating films 24 and pixel electrodes 25 are 
respectively formed on these gate bus wirings. In such a case, the first 
interlayer insulating films 15 are formed of org. materials and the additive 
capacitors are formed in the inside wall parts of contact holes 1 9 formed 
on the first interlayer insulating films 15. 
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* NOTICES * ■ ' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. : 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display characterized by forming a non-single-crystal-silicon thin film, gate 
dielectric film, and gate bus wiring on a substrate, and forming said 1st interlayer insulation film in the 
upper part of this gate bus wiring with the organic material in the liquid crystal display with which the 
1st interlayer insulation film, source bus wiring, 2nd interlayer insulation film, and pixel electrode were 
formed, respectively. 

[Claim 2] The liquid crystal display according to claim 1 characterized by forming said 2nd interlayer 
insulation film with the organic material. 

[Claim 3] The liquid crystal display according to claim 1 or 2 with which said organic material is 
characterized by being photosensitive acrylic resin. 

[Claim 4] The liquid crystal display according to claim 1 or 2 characterized by forming addition capacity 
in at least one contact hole wall part which pierces through said 1st interlayer insulation film. 
[Claim 5] The liquid crystal display according to claim 4 characterized by using this **** raising 
electrode as the lower electrode of addition capacity while accumulating on the contact hole wall part in 
which said addition capacity is formed and forming the electrode. 

[Claim 6] The liquid crystal display according to claim 1 or 2 characterized by forming the light-shielding 
film on said 1st interlayer insulation fiim. 

[Claim 7] Said light-shielding film is a liquid crystal display according to claim 6 characterized by being 
formed with the up electrode of addition capacity. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure especially in a pixel part about the liquid 

crystal display equipped with switching elements, such as a thin film transistor (TFT). 

[0002] 

[Description of the Prior Art] Drawing 7 is the circuit diagram showing the configuration of the 
conventional liquid crystal display in which the circumference drive circuit was formed on the substrate. 
[0003] In drawing 7 , the gate drive circuit 32, the source drive circuit 33, and the TFT (Thin Film 
Transistor) array section 34 are formed on the glass substrate or the quartz substrate 31. This gate 
drive circuit 32 consists of shift register 32a and buffer 32b. Moreover, the source drive circuit 33 
consists of shift register 33a, buffer 33b, and an analog switch 39 that performs the sampling of the 
video line 38. 

[0004] The gate bus wiring 1 16 to which a large number prolonged from said gate drive circuit 32 are 
parallel is arranged in the TFT array section 34, and from said source drive circuit 33, this gate bus 
wiring 116 and much source bus wiring 120 cross at right angles, and is arranged. Moreover, it is parallel 
to this gate bus wiring 116, and the addition capacity common wiring 114 is arranged. 
[0005] Furthermore, 35 pixel TFT36 and the addition capacity 37 are arranged in the field of the 
rectangle surrounded by the gate bus wiring 116 and 116 of two and the source bus wiring 120 and 120 
which were mentioned above, and the addition capacity common wiring 114 and 114. At this time, this 
gate electrode of TFT35 is connected to the gate bus wiring 116, and this source electrode of TFT35 is 
connected to the source bus wiring 120. 

[0006] And liquid crystal is enclosed between the pixel electrode 36 connected to said drain of TFT35, 
and the counterelectrode formed on the opposite substrate, and the pixel is constituted. Moreover, the 
addition capacity common wiring 114 is connected to the electrode of the same potential as a 
counterelectrode at this time. 

[0007] Drawing 5 is the top view having shown the configuration for one pixel in the conventional liquid 
crystal display, and drawing 6 shows the A-A line sectional view in the liquid crystal display of drawing 
5 . 

[0008] In drawing 5 and drawing 6 , on the insulating substrate 110, the polycrystalline silicon thin film 
1 1 1 used as a barrier layer is formed by the thickness which is 40nm - 80nm, and on it, sputtering or a 
CVD method is used and it is formed by the thickness whose gate dielectric film 113 is 80nm - 150nm. 
[0009] And it is P+ to the addition part by volume (shadow area in drawing 5 and drawing 6 ) which 
forms addition capacity behind in said polycrystalline silicon thin film 111. The ion implantation was 
performed by the concentration of 1x1015 (cm-2), and patterning was carried out for gate electrode 
116a and addition capacity up electrode 114a to the predetermined configuration using a metal or the 
polycrystalline silicon of low resistance. 

[0010] Then, in order to determine the conductivity type of this thin film transistor, it is the upper part 
of said gate electrode 116a to P+. The ion implantation was performed by the concentration of 1 x1015 
(cm-2), and the channel 112 was formed in the lower part of this gate electrode 116a. 
[001 1] Furthermore, Si02 Or using SiNx, formation of contact holes 118 and 119 was performed after 



forming the 1st interlayer insulation film 115 in the whole substrate surface, and it reached source bus 
wiring 120, and accumulated, and the electrode 121 was formed using metals of low resistance, such as 
aluminum. 

[0012] And it is Si02 like said 1st interlayer insulation film 115. Or using SiNx, formation of a contact 
hole 123 was performed after forming the 2nd interlayer insulation film 124 in the whole substrate 
surface, this contact hole 123 was covered, and the pixel electrode 125 which consists of transparence 
electric conduction film, such as ITO, was formed. 
[0013] 

[Problem(s) to be Solved by the Invention] However, in said conventional liquid crystal display, since 
said 1st interlayer insulation film 115 was formed with the inorganic material of 100nm of thickness 
numbers, in a part for the intersection of the source bus wiring 120 and the gate bus wiring 116, the 
open circuit of the source bus wiring 120 by the level difference of this gate bus wiring 116 had 
generated it. 

[0014] Moreover, since it is formed in the same layer as said gate bus wiring 116 and addition capacity 
was formed superficially, the addition capacity common wiring 114 had caused decline in a numerical 
aperture, in order that it was necessary to prepare the field of this addition capacity and and this 
addition capacity common wiring 116 might not let light pass. 

[0015] The place which it is made in order that this invention may solve such a trouble, and is made into 
the purpose By considering as a configuration which forms addition capacity in the contact hole wall 
part formed in this 1st interlayer insulation film, while forming the 1st interlayer insulation film with an 
organic material While preventing an open circuit of source bus wiring which had become a problem 
conventionally, it is in offering the liquid crystal display of a high numerical aperture which does not 
cause decline in the numerical aperture by addition capacity. 
[0016] 

[Means for Solving the Problem] The liquid crystal display of this invention is characterized by forming a 
non-single-crystal-silicon thin film, gate dielectric film, and gate bus wiring on a substrate, and forming 
said 1st interlayer insulation film in the upper part of this gate bus wiring with the organic material in the 
liquid crystal display with which the 1st interlayer insulation film, source bus wiring, 2nd interlayer 
insulation film, and pixel electrode were formed, respectively, and the above-mentioned purpose is 
attained by that. 

[0017] Moreover, as for the liquid crystal display of this invention, it is desirable that said 2nd interlayer 
insulation film is also formed with the organic material. 

[0018] Moreover, as for the liquid crystal display of this invention, it is desirable that said organic 
material is photosensitive acrylic resin. 

[0019] Moreover, as for the liquid crystal display of this invention, it is desirable that addition capacity is 
formed in at least one contact hole wall part which pierces through said 1st interlayer insulation film. 
[0020] Moreover, as for the liquid crystal display of this invention, it is desirable to use this **** raising 
electrode as the lower electrode of addition capacity while accumulating on the contact hole wall part in 
which said addition capacity is formed and forming the electrode. 

[0021] Moreover, as for the liquid crystal display of this invention, it is desirable that the light-shielding 
film is formed on said 1st interlayer insulation film. 

[0022] Moreover, as for the liquid crystal display of this invention, it is desirable that said light-shielding 
film is formed with the up electrode of addition capacity. 
[0023] Hereafter, the operation is explained. 

[0024] In the liquid crystal display of this invention, a non-single-crystal-silicon thin film, gate dielectric 
film, and gate bus wiring are formed on a substrate, and said 1st interlayer insulation film is formed in 
the upper part of this gate bus wiring with the organic material in the liquid crystal display with which 
the 1st interlayer insulation film, source bus wiring, 2nd interlayer insulation film, and pixel electrode 
were formed, respectively. Thus, since said 1st interlayer insulation film is formed with the organic 
material, the short-circuit which leads the interlayer insulation film of gate bus wiring generated when an 



inorganic material was used, and source bus wiring does not take place. Moreover, since flattening of the 
lower field of source bus wiring is fully carried out, an open circuit of source bus wiring by the thin film 
transistor or the level difference of gate bus wiring can be prevented. Moreover, the capacity for an 
intersection of gate bus wiring and source bus wiring becomes small, and the problem of the signal delay 
generated in bus wiring can also be controlled. 

[0025] Moreover, according to this invention, since said 2nd interlayer insulation film is also formed with 
the organic material, the lower field of this 2nd interlayer insulation film can make small the electric field 
given to a liquid crystal layer and said pixel electrode can be formed on the field by which flattening was 
fully carried out, positive rubbing processing can be performed and turbulence of liquid crystal 
orientation can be abolished. 

[0026] Moreover, according to this invention, since photosensitive acrylic resin is used as said organic 
material, a contact hole can be easily formed by exposure and development, and it becomes possible to 
simplify a manufacture process. Moreover, since said photosensitive acrylic resin is excellent in 
translucency, even if it is the case where this liquid crystal display is used as a transparency mold liquid 
crystal display, decline in permeability does not take place. 

[0027] Moreover, since addition capacity is formed in at least one contact hole wall part which pierces 
through said 1st interlayer insulation film according to this invention, the field of the addition capacity 
which is non-translucency can be made small, and the numerical aperture of a liquid crystal display can 
be raised. 

[0028] Since according to this invention this raising electrode is used as the lower electrode of 
addition capacity while accumulating on the contact hole wall part in which said addition capacity is 
formed and forming the electrode, it becomes unnecessary moreover, to be able to form the lower 
electrode of addition capacity in source bus wiring formation and coincidence, and to newly carry out 
patterning of the lower electrode of addition capacity. 

[0029] Moreover, according to this invention, while the light-shielding film is formed on said 1st 
interlayer insulation film, since the light-shielding film is formed with the up electrode of addition 
capacity, it becomes possible [ it becoming unnecessary to form a light-shielding film on an opposite 
substrate, and simplifying a manufacture process further ]. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
[0031] (Gestalt 1 of operation) Drawing 1 is the top view having shown the configuration for one pixel in 
the liquid crystal display of the gestalt of operation of this invention, and drawing 2 shows the A-A line 
sectional view in the liquid crystal display of drawing 1 . 

[0032] In drawing 1 and drawing 2 , the polycrystalline silicon thin film 1 1 used as a barrier layer is first 
formed by the thickness of 40nm - 80nm on the insulating substrate 10 which consists of glass or a 
quartz, sputtering or a CVD method is used on the center section of this polycrystalline silicon thin film 
11, and it is Si02. Or the gate dielectric film 13 which consists of SiNx was formed by the thickness of 
80nm. Furthermore, gate electrode 16a which consists of aluminum or polycrystalline silicon was formed 
by the thickness of 30nm on this gate dielectric film 13. 

[0033] Then, it is P+, using this gate electrode 16a as a mask from the upper part of said gate electrode 
16a, in order to determine the conductivity type of this thin film transistor. The ion implantation was 
performed by the concentration of 1x1015 (cm-2), the channel section 12 of a non dope was formed in 
the lower part of this gate electrode 16a of a barrier layer, and the high-concentration impurity range 
was formed in fields other than this channel section 12. In addition, in this barrier layer of TFT, it is good 
also as structure which establishes a low concentration impurity range or a non dope field in said about 
12 channel section, and lessens leakage current at the time of OFF of TFT at this time. 
[0034] Next, after using photosensitive acrylic resin and forming the 1st interlayer insulation film 15 by 
2.5-micrometer thickness with a spin coat method all over said substrate, exposure and development 
were performed and contact holes 18 and 19 were formed on this 1st interlayer insulation film 15. 
[0035] Here, by having carried out 2-micrometer or more laminating of said 1st interlayer insulation film 



15, by could perform flattening of the lower field of this 1st interlayer insulation film 15, and having used 
the photosensitive thing as this 1st interlayer insulation film 15, formation of said contact holes 18 and 
19 is attained only at exposure and a development process, and a manufacture process can be simplified. 
[0036} Next, it reached source bus wiring 20, respectively, and accumulated, and the electrode 21 was 
formed using metals of low resistance, such as aluminum, so that said contact holes 18 and 19 might be 
covered. Since flattening of the lower field of said source bus wiring 20 is carried out with said 1st 
interlayer insulation film 15 at this time, also in a part for the intersection of this source bus wiring 20 
and the gate bus wiring 16, it is lost that this source bus wiring 20 is disconnected with the level 
difference of this gate bus wiring 16. Moreover, the photosensitive acrylic material used as this 1st 
interlayer insulation film 15 has small specific inductive capacity compared with an inorganic material, 
and since thickness can also be enlarged, the capacity for the intersection of said source bus wiring 20 
and said gate bus wiring 16 can be disregarded, and can prevent delay of the signal generated in bus 
wiring. 

[0037] here — said — it accumulates, and the electrode 21 is formed in accordance with the wall of 
said contact hole 19, and it is functioning as this lower [ for an electrode 21 to form addition capacity by 
accumulating ] electrode. 

[0038] Next, the insulator layer 27 was formed all over said substrate by the thickness of 50nm using 
SiNx etc. At this time, this insulator layer 27 is also functioning as said insulator layer to accumulate, to 
be formed in accordance with the wall of a contact hole 19 like the electrode 21, and for this insulator 
layer 27 form addition capacity. 

[0039] Next, up electrode 28a for forming addition capacity using metals, such as Ta and aluminum, was 
formed so that a contact hole 19 might be covered, and the addition capacity common wiring 28 was 
also formed in coincidence. It is able for the surface area of the wall part of said contact hole 1 9 to 
become large, and to take sufficiently large addition capacity value, since the thickness of said 1st 
interlayer insulation film is thick compared with 2.5 micrometers and the former at this time. 
[0040] Here, said addition capacity value is explained briefly. If the bore of addition capacity up 
electrode 28a in said contact hole 19 is 5 micrometers, surface area is set to 5x5(pars basilaris ossis 
occipitalis)+5x2.5x4(flank) =75 (micrometer2), and since the capacity per unit area of 50nm SiNx is 
Cox=1.4x10-3 (pF/micrometer2), it will become possible [ acquiring the addition capacity value of 0.1 1pF 
only in this contact hole 19 ]. Temporarily, if this addition capacity was formed superficially, the addition 
capacity field of 75 (micrometer2) is needed, and since this addition capacity field does not let light pass, 
a numerical aperture will fall by this field. In this invention, even if it is the case that addition capacity 
value is insufficient, this addition capacity value is [ even if] suppliable by forming said contact hole 19 
greatly, or forming a superficial capacity auxiliary. 

[0041] Next, after using photosensitive acrylic resin like the 1st interlayer insulation film 15 and forming 
the 2nd interlayer insulation film 24 all over said substrate, exposure and development were performed, 
subsequently etching of said insulator layer 27 was also performed, and the contact hole 23 was formed 
on this 2nd interlayer insulation film 24. Furthermore, the pixel electrode 25 was formed using 
transparence electric conduction film, such as ITO, so that said contact hole 23 might be covered. In 
addition, at this time, when [ said ] it accumulates and the ohmic nature of contact to an electrode 21 
and said pixel electrode 25 poses a problem, barrier metal may be formed in this contact hole 23. 
[0042] In the operation gestalt in this invention, since the 2nd interlayer insulation film 24 is using 
photosensitive acrylic resin, the electric field which the lower field of this 2nd interlayer insulation film 
24 gives to a liquid crystal layer like the 1st interlayer insulation film can be disregarded, and since said 
pixel electrode 25 is formed on the field by which flattening was fully carried out, positive rubbing 
processing can be performed, and it becomes, without producing turbulence of liquid crystal orientation. 
[0043] (Gestalt 2 of operation) Drawing 3 is the top view having shown the configuration for one pixel in 
the liquid crystal display of the gestalt of operation of this invention, and drawing 4 shows the A-A line 
sectional view in the liquid crystal display of drawing 3 . In addition, the explanation is omitted about the 
same part as drawing 1 and drawing 2 . 



[0044] In the gestalt 2 of this operation, as shown in drawing 3 and drawing 4 , the liquid crystal display 
was produced like the gestalt 1 of operation except having extended addition capacity up electrode 28a 
to the TFT upper part. 

[0045] It becomes possible for it to become unnecessary to form a light-shielding film on an opposite 
substrate, and to simplify a manufacture process further by this, since the gate bus wiring 16, the 
source bus wiring 20, and addition capacity up electrode 28a will function as a light-shielding film. 
[0046] 

[Effect of the Invention] In the liquid crystal display of this invention, since said 1st interlayer insulation 
film is formed with the organic material, the short-circuit which leads the interlayer insulation film of 
gate bus wiring generated when an inorganic material was used, and source bus wiring does not take 
place. Moreover, since flattening of the lower field of source bus wiring is fully carried out, an open 
circuit of source bus wiring by the thin film transistor or the level difference of gate bus wiring can be 
prevented. Moreover, the capacity for an intersection of gate bus wiring and source bus wiring becomes 
small, and the problem of the signal delay generated in bus wiring can also be controlled. 
[0047] Moreover, according to this invention, since said 2nd interlayer insulation film is formed with the 
organic material, the lower field of this 2nd interlayer insulation film can make small the electric field 
given to a liquid crystal layer and said pixel electrode can be formed on the field by which flattening was 
fully carried out, positive rubbing processing can be performed and turbulence of liquid crystal 
orientation can be abolished. 

[0048] Moreover, according to this invention, since photosensitive acrylic resin is used as said organic 
material, a contact hole can be easily formed by exposure and development, and it becomes possible to 
simplify a manufacture process. Moreover, since said photosensitive acrylic resin is excellent in 
translucency, even if it is the case where this liquid crystal display is used as a transparency mold liquid 
crystal display, decline in permeability does not take place. 

[0049] Moreover, since addition capacity is formed in at least one contact hole wall part which pierces 
through said 1st interlayer insulation film according to this invention, the field of the addition capacity 
which is non-translucency can be made small, and the numerical aperture of a liquid crystal display can 
be raised. 

[0050] Since according to this invention this **** raising electrode is used as the lower electrode of 
addition capacity while accumulating on the contact hole wall part in which said addition capacity is 
formed and forming the electrode, it becomes unnecessary moreover, to be able to form the lower 
electrode of addition capacity in source bus wiring formation and coincidence, and to newly carry out 
patterning of the lower electrode of addition capacity. 

[0051] Moreover, according to this invention, while the light-shielding film is formed on said 1st 
interlayer insulation film, since the light-shielding film is formed with the up electrode of addition 
capacity, it becomes possible [ it becoming unnecessary to form a light-shielding film on an opposite 
substrate, and simplifying a manufacture process further ]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view having shown the configuration for one pixel in the liquid crystal display of 
the gestalt of operation of this invention. 

[Drawing 2] The A-A line sectional view in the liquid crystal display of drawing 1 is shown. 

[Drawing 3] It is the top view having shown the configuration for one pixel in the liquid crystal display of 

the gestalt of operation of this invention. 

[Drawing 4] The A-A line sectional view in the liquid crystal display of drawing 3 is shown. 
[Drawing 5] It is the top view having shown the configuration for one pixel in the conventional liquid 
crystal display. 

[Drawing 6] The A-A line sectional view in the liquid crystal display of drawing 5 is shown. 

[Drawing 7] It is the circuit diagram showing the configuration of the conventional liquid crystal display in 

which the circumference drive circuit was formed on the substrate. 

[Description of Notations] 

10 Insulating Substrate 

1 1 Polycrystalline Silicon Thin Film 

1 2 Channel Section 

13 Gate Dielectric Film 

15 1st Interlayer Insulation Film 

1 6 Gate Bus Wiring 
1 6a Gate electrode 

18 Contact Hole 

1 9 Contact Hole 

20 Source Bus Wiring 

21 Accumulate and it is Electrode. 

23 Contact Hole 

24 2nd Interlayer Insulation Film 

25 Pixel Electrode 

27 Insulator Layer 

28 Addition Capacity Common Wiring 
28a Addition capacity up electrode 

31 Substrate 

32 Gate Drive Circuit 
32a Shift register 
32b Buffer 

33 Source Drive Circuit 
33a Shift register 

33b Buffer 

34 TFT Array Section 

35 TFT 



36 Pixel 

37 Addition Capacity 

38 Video Line 

39 Analog Switch 

110 Insulating Substrate 

1 1 1 Polycrystalline Silicon Thin Film 

112 Channel 

113 Gate Dielectric Film 

114 Addition Capacity Common Wiring 
114a Addition capacity up electrode 

115 1st Interlayer Insulation Film 

1 1 6 Gate Bus Wiring 
116a Gate electrode 

118 Contact Hole 

119 Contact Hole 

120 Source Bus Wiring 

121 Accumulate and it is Electrode. 

123 Contact Hole 

1 24 2nd Interlayer Insulation Film 

125 Pixel Electrode 
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